LAS enzymes are a group of metallopeptidases that share an active-site architecture and a core folding motif and have been named according to the group members lysostaphin, D-Ala-D-Ala carboxypeptidase and sonic hedgehog. LAS enzymes contain a single, tetrahedrally coordinated Zn2+ in their active sites. Three Zn2+ coordinating residues are conserved and occur in the order histidine, aspartate, histidine in all sequences. The third conserved ligand to the Zn2+ is another histidine residue that is part of an H-x-H motif in all known LAS enzymes with the exception of VanX peptidases [1] . The imidazole rings of the first and second histidine ligands are oriented by hydrogen bonding to a main chain and side chain carbonyl oxygen and coordinate the Zn2+ via the Nε and the Nδ, respectively. The forth Zn2+ ligand in LAS enzymes is a water molecule in the active enzymes, and another amino acid residue in the latent forms. The amino acid ligands in LAS enzymes occur in the context of a four-strand motif that has the same strand order in all enzymes. Because the enzymes are very different outside the core folding motif, and because lysostaphin in particular shares no overall fold similarities with the other LAS enzymes, LAS enzymes are currently classified into two different MEROPS clans, clan MD and clan MO.
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E. coli
MepA is a periplasmic murein endopeptidase that is believed to play a role in the removal of murein from the sacculus and could also play a role in the integration of nascent murein strands into the sacculus [2] . Mechanistically, the enzyme is an amidase that cleaves the alanyl-meso-2,6-diamino-pimelyl peptide bond that connects peptidoglycan strands in gram-negative cell walls [3] . Partially purified preparations of E. coli MepA were reported to be sensitive to metal chelating agents, deoxyribonucleic acid and lipoteichoic acid, but insensitive to penicillin [4] . Due to the low abundance of MepA in the E.coli periplasm, the previously reported purification procedure required large amounts of cells [4] . Homologues of E. coli MepA occur in many gram-negative bacteria, consistent with the universal presence of amide bonds between D-alanine and meso-2,6-diaminopimelate in these species [5] . MepA-type enzymes have not been detected in gram-positive organisms [6] , even though some of them, such as B. subtilis, contain alanyl-meso-2,6-diaminopimelyl peptide bonds in their peptidoglycan [5] . Consistent with the penicillin insensitivity of the E. coli enzyme, MepA-type peptidases are not related in sequence to the largest class of murein endopeptidases, the penicillin-binding proteins. MepA-type enzymes are poorly understood at the mechanistic level. Their fold and catalytic class have not been determined. In the MEROPS peptidase database, they are currently classified as family U6 ("unknown") [6] .
We have noted the presence of two motifs that are characteristic for LAS enzymes in MepA-type sequences. Based on this observation, we predicted that MepA-type peptidases are LAS enzymes, and should therefore be metallopeptidases [7] . We further predicted that H113, D120 and H211 of the E. coli enzyme should be the Zn 2+ ligands. To test these predictions, the E. coli mepA gene was amplified by PCR and various E. coli expression constructs were prepared. A number of attempts to express the protein in the cytoplasm, both alone and as a fusion protein, yielded large amounts of insoluble protein. However, when overexpressed MepA was targeted to the periplasm by its own native leader sequence, soluble protein in moderate yield could be recovered from whole cell lysates and purified by a series of conventional chromatography steps. The purified enzyme was sensitive to metal chelating agents and mutations in the predicted Zn 2+ ligands [8] To further confirm the LAS hypothesis, we crystallized MepA from E. coli. Three different crystal forms were obtained, in space groups P1, P2(1) and P2 (1)2(1)2, with six molecules in the asymmetric unit of the P1 crystals and two subunits each in the asymmetric units of the other two crystal forms. Native data were collected for all three crystal forms on BW6, DESY. The P2(1) form diffracted best, to a resolution of 1.4 Å, but unfortunately a fluorescence scan revealed that this form had lost the metal in the active site. As the metal was still present in the other two forms, we collected MAD data for these two forms, again on BW6, DESY. Based on the combined MAD data, and the high resolution from the P21 form, the crystal structures were easily solved [8] by standard procedures, using ARP/WARP for the automatic generation of a practically complete model. The structure confirmed our predictions about the fold, the metal center and the metal ligands, and provided a small surprise.
As expected, the metal in the P1 and P2 (1)2(1)2 forms is tetrahedrally coordinated, but contrary to expectation, we found no water molecule in direct contact with the metal (see Fig. 1 ). Although the Zn 2+ site therefore resembles a structural Zn 2+ site, it is still likely to be the catalytic center. At present, we believe that the coordinating histidine residue that lacks counterparts in the other LAS enzymes can be displaced in the presence of substrates or inhibitors. This hypothesis is supported by a number of features of the crystal structure. First, histidine 110 appears more mobile than the other histidine zinc ligands, because its imidazole side chain is not fixed in space by a hydrogen bond to an ancillary residue. Second, histidine 110 is defined only moderately well in electron density, and anchored on a loop that is among the most flexible regions in the structure. Third, this residue and the loop that anchors it are among the residues in the MepA structure that differ most between the Zn 2+ bound and Zn 2+ free forms. Formal proof for the displacement of the occluding histidine from the Zn 2+ center will require the crystallisation of MepA with a substrate analogue or active-site directed inhibitor. Fig. 2 of a previous publication on LAS enzymes [7] . In E. coli MepA, residues H113 ("1"), D120 ("2"), H211 ("3"), M98 ("4"), D118 ("5"), H206 ("6"), H209 ("7") and H110 ("8") have been drawn. For MepA, the triclinic form with Zn 2+ in the active site has been used. In this crystal form that contains 6 monomers in the asymmetric unit, H209 is found in two conformations, and both are presented in this figure.
